Introduction
Colorectal cancer (CRC) is one of the most prevalent malignancies globally. While local CRC has a more favorable outcome with a 5-year survival rate of 90%, the presence of distant metastasis adversely impacts the survival of CRC patients with a 5-year survival of merely 12% 1 despite the best currently available treatment modalities. Prevention, early diagnosis, and treatment can greatly reduce the incidence and mortality of metastatic CRC (mCRC) patients. It is also important to identify prognostic markers for mCRC for risk mitigation.
Cancer patients are considered to be in a constant state of malnutrition, 2 likely due to hypermetabolism and cachexia. Lipid disequilibrium has been well documented in cancer patients. 3 Saito et al 4 followed up a total of 16,217 liver cancer patients over 25 years and found that low low-density lipoprotein cholesterol (LDL-C) levels were associated with elevated risk of liver cancer mortality and that this may be a predictive marker for liver-cancer-related death. In a prospective study of 244 breast cancer patients, Rodrigues et al 5 found that the disease-free survival of breast cancer patients within the third LDL-C tertile were 12% higher than that of patients in the first tertile. It also has been found that CRC patients with distant metastases had markedly higher levels of total cholesterol (TC), LDL-C, and LDL-C to high-density lipoprotein cholesterol (HDL-C) ratio compared with patients without metastases, and the presence of metastases was positively associated with TC, LDL-C, and the LDL-C/ HDL-C ratio (LHR). 6 Liu et al 7 retrospectively examined the fasting lipid profile of 968 patients undergoing curative resection for primary CRC and found that both LDL-C levels and LHR were independently associated with advanced N2 stage in male CRC patients and that the LHR could be a more effective biomarker for N2 stage CRC than LDL-C levels alone.
Although lipid disequilibrium has been documented for several types of cancer including CRC, 3, 8 it remains unknown whether lipid parameters are associated with the outcome of mCRC patients. In this study, we retrospectively examined the lipid profiles of 453 mCRC patients at a single tertiary care institution in the People's Republic of China and investigated whether any of the lipid parameters correlated with the outcome of mCRC patients.
Patients and methods Patients
Prior to use of the patients' sera, written informed consent was obtained from each of the participants, and the experiment was approved by the Institute Research Ethics Committee of Cancer Center of Sun Yat-sen University, Guangzhou, People's Republic of China. We retrospectively collected the clinicopathologic data of CRC patients who received medical treatment between January 1, 2005 and December 31, 2010 at Sun Yat-sen University Cancer Center. A patient was eligible for inclusion in the study: 1) if the patient had pathologically proven TNM stage IV CRC; 2) if the patient had completed at least three cycles of chemotherapy, including oxaliplatin-or irinotecanbased regimen; 3) if the patient had an Eastern Cooperative Oncology Group status score of 2 or less. A patient was excluded from the study: 1) if the patient had records of blood biochemical test before treatment; 2) if the patient did not have follow-up data; 3) if the patient had two or more primary tumors. The study protocol was approved by the local institutional review board at the authors' affiliated institution.
Biochemical determinations
Baseline serum triglyceride, cholesterol, LDL-C, and HDL-C were routinely determined using a Hitachi Automatic Analyzer 7600-020 (Hitachi, Tokyo, Japan) when patients first presented at the hospital. The LHR was calculated and divided into the first, second, and third tertiles.
Patient follow-up
Patients were followed up by telephone interview twice a year to learn whether they were alive or not. The primary endpoint of this study was overall survival (OS), defined as the time interval from diagnosis to death of any cause or the time of the last follow-up visit. The secondary endpoint was progression-free survival (PFS) of first-line chemotherapy, which was defined as the time interval from the first administration of chemotherapy to the date of disease progression or death.
statistical analysis
Descriptive statistics were used to describe patient demographic and baseline characteristics. Normally distributed data were expressed as median ± standard deviation and analyzed using the SPSS version 13.0 (SPSS Inc., Chicago, IL, USA). Nonnormally distributed data were expressed as median. Kaplan-Meier method was used to calculate survival curves, and log-rank test was used to compare differences. We performed multivariate analysis using Cox proportional hazards model, and independent significance was tested by backward elimination of insignificant explanatory variables. A P-value #0.05 was considered as significant.
Results

Patient demographic and baseline characteristics
The study flowchart is shown in Figure 1 . Five hundred sixty-six CRC patients were identified in the database during the review period. Sixty-eight patients failed to meet the eligibility criteria and were excluded from the study. Among them, three patients declined treatment; 29 patients underwent palliative primary tumor resection but received no chemotherapy; and 36 patients only completed one or two cycles of chemotherapy. Consequently, a total of 453 patients were included in the final analysis. The demographic and baseline characteristics of these patients are shown in Table 1 . Their median age was 59 (range, 18-89) years, and the majority of these patients were aged at least 50 years (62.9%) and were male (65.3%). CRC was located in the 
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a high lDl-c to hDl-c ratio predicts poor prognosis in colorectal cancer right colon in 38.9% of the patients followed by the left colon (32.2%) and the rectum (28.9%). Carcinoembryonic antigen was 5 ng/mL or above in most cases (82.6%). The majority of the patients (60.7%) had metastasis to one organ, 30.0% had metastasis to two organs, and 9.3% had metastasis to at least three organs.
Treatment characteristics of the patients
The majority of patients (71.7%) underwent palliative primary tumor resection ( Table 1 ). The median number of chemotherapy cycles was 7 (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . For first-line chemotherapy, two-thirds of the patients (66.9%) received oxaliplatin-based regimen while the remaining one-third (33.1%) received irinotecan-based regimen. For secondline chemotherapy, approximately half of the patients (48.3%) received irinotecan-based regimen and one-fifth of the patients (21.2%) received oxaliplatin-based regimen. Approximately one-third of the patients (30.5%) received no second-line chemotherapy.
The lipid profile of the patients
The distribution of HDL-C, LDL-C, cholesterol, and triglycerides is shown in Table 2 . The majority of the patients (78.2%) had normal triglyceride levels while nearly one-fifth of the patients (21.9%) had increased serum triglyceride contents. Meanwhile, most patients (89.2%) had normal cholesterol OncoTargets and 
Os and PFs
The median duration of follow-up time was 20 (range, 2-86) months. The Kaplan-Meier survival curve is shown in Figure 2 . 
lDl-c was an independent prognostic determinant of Os in mcrc patients
We were interested in and examined whether HDL-C, LDL-C, cholesterol, and triglyceride were prognostic determinants of mCRC patients. Our univariate analysis revealed that LDL-C (P=0.023) and HDL-C (P=0.035) were significant prognostic factors, while cholesterol (P=0.215) and triglyceride (P=0.542) were not. The median OS of patients with elevated LDL-C levels was 19.17 (range, 11.87-61.80) months while that of patients with normal LDL-C levels was 20.07 (range, 2.77-70.30) months ( Figure 3A and Table 3 ). The median OS of patients with decreased LDL-C levels was 18.63 (range, 1.87-47.30) months. HDL-C was also a prognostic factor (P=0.035) while cholesterol (P=0.215) and triglycerides (P=0.542) were not ( Table 3) . The OS of patients with decreased and normal LDL-C was similar (P=0.652). In contrast, the median OS of patients with elevated HDL-C Table 2 The Figure 3B ). Furthermore, multivariate analysis revealed that only LDL-C (P=0.031) was an independent predictor of outcome while HDL-C (P=0.337) was not (Table 4) .
hDl-c, lDl-c, cholesterol, or triglyceride shows no correlation with PFs
We further evaluated whether HDL-C, LDL-C, cholesterol, and triglyceride correlated with PFS of mCRC patients ( Table 3 ).
The median PFS of patients with elevated LDL-C levels was 8.16 (range, 3.28-45.26) months while that of patients with normal LDL-C levels was 7.28 (range, 2.03-58.03) months ( Figure 4A and Table 3 ). The median PFS of patients with decreased LDL-C levels was 5.56 (range, 1.57-24.40) months. The median PFS of patients with elevated HDL-C and those with normal or decreased HDL-C was 7.85 (range, 1.62-58.03) months and 5.52 (range, 1.57-45.26) months, respectively (P=0.865) ( Figure 4B ). None of the parameters including HDL-C, LDL-C, cholesterol, and triglyceride correlated with PFS. The lhr is a novel prognostic factor
Our findings indicated that LDL-C negatively correlated with OS while HDL-C positively correlated with OS. We speculated that the LHR could be a more discriminative prognostic predictor. Figure 5 and 
Discussion
Lipid disequilibrium has been documented for several types of cancer, including CRC. 3, 8 In this paper, we found that 41.28% of mCRC patients showed elevations in LDL-C. Our univariate analysis revealed that baseline LDL-C and HDL-C were prognostic determinants of mCRC, and our multivariate analysis found that LDL-C was an independent prognostic predictor of mCRC. Furthermore, the LHR could also yield prognostic information, with a high LHR predicting an adverse outcome for patients with elevations in LDL-C.
Cholesterol is a structural component of the cell membrane and is localized in membrane microdomains that assemble the signal transduction machinery and associate to proteins implicated in key cellular signaling pathways that are closely associated with malignant transformation.
9 LDL-C and HDL-C are lipoproteins responsible for cholesterol transportation. However, there has been scant knowledge available about LDL-C in cancer patients. This study was the first to examine the correlation between LDL-C, HDL-C, and the LHR and the OS of mCRC patients. Our findings are consistent with those reported by others. 6 Notarnicola et al 6 found that metastases in CRC patients were positively associated with LDL-C and the LHR. Liu et al 7 also found that both LDL-C levels and the LHR were independently associated with advanced N2 stage in male CRC patients.
Although the relation between lipids and cancer has been known for years, most previous studies have focused on the influence of lipids on the incidence of tumor among healthy subjects. 10, 11 It was reported that people with low LDL-C level were more likely to develop a tumor. Abbreviations: Os, overall survival; hDl-c, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CI, confidence interval.
10,11
analysis of lDl-c and hDl-c as prognostic determinants of Os patients with metastatic colorectal cancer
Figure 4
The Kaplan-Meier curve for PFS of the study patients stratified by LDL-C (A) and hDl-c (B). Abbreviations: PFs, progression-free survival; cum, cumulative; hDl-c, high-density lipoprotein cholesterol; lDl-c, low-density lipoprotein cholesterol.
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It was reported that most cancer patients had low LDL-C and cholesterol levels. 8 Cancer patients are in poor nutritional status as a result of cachexia and poor appetite due to chemotherapy and other treatment modalities. Cancer cells could also take up and degrade a large amount of LDL-C in order to compose biomembrane, required for the division of malignant cells. 12 Previous studies involved patients with various cancer types, including breast cancer, gastric cancer, and lung cancer. 8 However, patients with different types of cancer might have different LDL-C profiles. For example, breast cancer patients had elevated LDL-C levels 13 whereas gastric and lung cancer patients 8 had decreased LDL-C levels. In this paper, we focused on mCRC patients, and found that 41.28% of these patients had increased LDL-C, which was an adverse prognostic factor for mCRC patients. We saw increased rather than decreased LDL-C levels in these patients which may be due to the fact that we focused on initially mCRC patients. Notarnicola et al 6 reported that LDL-C levels may increase as CRC develops from the early stage to the advanced stage. Several other studies also support our result that increased LDL-C was a predictor for poor prognosis. Montel et al 14 and Song et al 15 reported that cancer cells expressed LDL-receptor-related protein, which could facilitate the growth and invasion of cancer cells. Another study reported 16 that oxidized LDL could stimulate the proliferation of ovarian carcinoma cells. These results could help explain the unfavorable influence of LDL-C on OS observed in our study.
In our study, although both LDL-C and HDL-C were prognostic factors, only LDL-C was found to be independent. The exact reason was unknown. Tumor cells need plenty of lipids to maintain division. Both increased LDL-C and decreased HDL-C reflected that lipids were more likely to be transported into the blood rather than stored in the liver. We speculated that both increased LDL-C and decreased HDL-C indicated that tumor had resulted in altered lipid profile, in a way favoring the growth and division of tumor cells. The reason why only LDL-C was independent might be that tumor cells express LDL-C receptor and could directly uptake and degrade LDL-C. 3 To fully consider the implications of both LDL-C and HDL-C, we also studied the prognostic value of the LHR, and found that the LHR could provide further information based on LDL-C. Thus, the LHR may be a promising prognostic factor in mCRC patients, especially those with elevations in LDL-C.
Since both preclinical and clinical data support that LDL-C plays a role in cancer patients, one important issue is whether bringing down LDL-C is of therapeutic value for mCRC patients. Although the impact of statin, a commonly used agent used to reduce lipid, on the incidence of cancer had been extensively studied, 11, [17] [18] [19] it was reported that statin was correlated with a significant reduction in CRC risk. 20, 21 To the best of our knowledge, no study had evaluated the therapeutic value of statin in mCRC patients. Further studies are urgently needed to evaluate the therapeutic effect of statins in mCRC patients.
There were several limitations in this study. First, the retrospective nature restricted its power. Second, it is not clear that whether the increased LDL-C was caused by CRC. In other words, there were two possible situations: 1) cancers which gained the ability to adjust lipid profile yield poor prognosis and 2) patients who had increased LDL-C yield Abbreviations: Os, overall survival; hDl-c, high-density lipoprotein cholesterol; lDl-c, low-density lipoprotein cholesterol; lhr, lDl-c to hDl-c ratio; T1, T2, and T3 represent the first, second, and third tertiles of LDL-C contents, respectively.
Figure 5
The Kaplan-Meier curve for OS of the study patients stratified by the lhr. Abbreviations: Os, overall survival; cum, cumulative; hDl-c, high-density lipoprotein cholesterol; lDl-c, low-density lipoprotein cholesterol; lhr, lDl-c to hDl-c ratio.
OncoTargets and Therapy
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal
OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. poor prognosis when they developed CRC. Third, increased LDL-C itself was a risk factor. There was one possibility that there was no interaction between LDL-C and cancer, and the unfavorable prognosis was caused by risks resultant from increased LDL-C. Further prospective studies are expected to answer those questions.
In conclusion, we found that increased LDL-C level was a prognostic factor for poor prognosis in mCRC patients. Further prospective and multiple center studies are required, and the therapeutic value of statin in mCRC patients is also worth being explored.
